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COMPARISON  OF  A  SHIELDED  "ONE-SIDED"  PLANAR H LL- 
TRANSDUCER  WITH AN MR-HEAD 
J.H.J.  Fluitman  and  J.P.J.  Groenland 
ABSTRACT 
The  resistance  anisotropy  in  ferromagnetic  conductors 
gives  rise  to  the  related  planar  magneto-resistive  and 
Hall-effects.  The  magneto-resistive  effect  is 
exploited  in  several  field  sensing  transducers,  while 
the  planar  Hall-effect  is  not. In this  paper  the 
output  of  direct  sensing  Hall-heads  is  compared  with 
magneto-resistive  heads  for  a  number of situations 
typical  for  magnetic  recording.  The  comparison  is 
based  on  a  computational  procedure  which  can  be 
executed  with  the  help  of  a  simple  calculator.  The 
procedure  and  the  results  are  presented  in  such  a  way 
that  known  results  for  magneto-resistive  transducers 
can  immediatelybetranslated  into  results  for  Hall- 
transducers. 
1. INTRODUCTION 
In  the  passed  decade  much  attention  has  been  paid  to 
the  development  of  magneto-resistive  heads  (M.R.H.'s) 
for  reading  magnetically  coded  information.  In 
connection  with  the  technological  problems to be 
solved  a  number of designs  has  been  suggested  and 
tested  to  linearize  the  transducer,  to  suppress  thermal 
and/or  Barkhausen  noise, to enhance  the  resolution  and 
so  on.  The  fact  that  all  ideas  consistently  employ  the 
magneto-resistive  effect  and  not  the  related  (planar) 
Hall-effect  is  understandable,  because  a  direct 
sensing  Hall-head  will  have a relative  small  output, 
although  we  do  not  exclude  that  the  presence  of  the 
planar  Hall-effect  is  occasionally  overlooked.  The 
intrinsic  planar  Hall-  and  magneto-resistivities, 
present  in  permalloy  strips,  obey  the  following  laws 
111 : 
pH = Ap sin$  cos@ (1) 
( 2 )  pIqR = P, - AP sin @ 
2 
with r$ the  angle  of  rotation of the  magnetization  off 
the  strip  axis.  Since  the  intrinsic  effects  are  equal 
in  amplitude,  it  is  clear  that  the  extrinsic  effects 
in  a  strip  with  width  w  and  length 1 have an  amplitude 
ratio  roughly  equal to w/l.  A  read  head  designed  to 
sense  the  fields  of  recorded  bits  directly  must  be 
positioned  along  the  edge  of  a  substratum,  having  a 
striplike  geometry  with  a  length  equal  to  the  recording 
trackwidth  and  a  width  determined  by  a  number  of 
considerations  as  there  are:  the  available  field 
(gradient),  the  required  output  signal,  reliability  and 
heating,  technological  restrictions  etc. 
,A Hall-transducer,  placed  along  a  substratum  edge  may 
have  the  geometry  suggested  in  Fig.  la [ 2 ]  or a  derived 
for?  like  the  sandwich-structure o f  Fig.  lb. 
It  is  expected  that  in  a  structure  as  shown,  with  a 
width of, say 10 Llm, only  a  few  tenthes  of  a  millivolt 
will  be  available.  Nevertheless  we  think  that  the  Hall- 
response  in  such  structures  is  worth  to  be  studied, 
not  only  because  it  is  intriguing  in  itself  or 
anticipates  sophisticated  electronics  and  still  more 
reduced  trackwidthes,  but  also  because  the  range  of 
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Fig. 1. Basic  structures  of  "one-sided"  Hall- 
transducers.  With  the  polarities of currents  and 
initial  magnetizations  as  shown  a  linear  Hall-voltaqe 
is 
a. 
b. 
C. 
detected  from  the  Hall-contacts. 
Basic  geometry  used  in  the  computations.  Note  that 
t'ne permalloy  qenerally  must  extend  under  the 
current  leads  to  prevent  end  domains  in  the 
effective  area. 
Sandwich  structure  which  may  be  advantageous  in 
reducing  noise. 
Multitrack  Hall-head.  The  zero  field  magnetization 
may  be  the  result  of  canted  easy  axes  the  effect 
of which  is  compensated  by  the  bias  of  the  drive 
currents.  The  canted  easy  axes  may  be  employed  to 
initialize  the  magnetization. 
applicability  of  the  planar  head  is  rather  wide  from 
high-density  recording  to  low  density  applications 
such  as  ticket o r  card  readers.  All  these  applications 
have  their  own  requirements  and it is  good  to  have  a 
complete  overview  of  possible  solutions.  Another 
possible  advantage  of  the  Hall-configuration  is 
suggested  in  Fig. IC. In  this  structure  the  Hall- 
voltages  are  generated  by  fields  which  are  directly 
underneath  the  Hall-contacts,  so  one  can  have  a  multi- 
track  head  with  current  leads  only  at  both  ends.  Last 
but  not  least,  the  Hall-effect  is  linear  in  first 
order  and  shares  the  range  of  linearity  with  the 
Barberpole  head,  because  the  latter  one's  behaviour  is 
described  by  exactly  the  same  formula  as  the  planar 
Hall-response [31 .  In  the  next  section  we  describe  a 
method  to  calculate  Hall-potentials in  a  simple  way. 
Expressions  in  closed  form  will  be  given  which,  in 
spite  of  their  complex  appearance,  can  be  used  with  a 
simple  (pocket)  calculator at hand. 
Next  we  present  results of computed  Hall-  and  magneto- 
resistive  responses  for  a  number  of  characteristic 
situations,  for  unshielded  as  well as for  shielded 
transducers.  We  consistently  give  our  results  as  ratios 
between  the  Hall-response  and  the  (linearized)  magneto- 
resistive  response so that  anyone,  familiar  with  the 
latter,  can  judge  for  himself  what  the  Hall-effect  is 
worth  after  all. 
2 .  SCHEME  OF  COMPUTATIONS 
In  order  to  compute  Hall-voltages  between  any  two 
different  positions  on  the  transducer  it  is  necessary 
to  have  the  disposal of an  expression  which  gives tine 
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Hal l -poten t ia l  a t  ind iv idua l  pos i t ions  on the  f i lm.  In  
a preceding paper [41 this expression has been derived 
to  read:  (13) 
Here VH(;) is the Hal l -potent ia l  (def ined as t h e  
d i f f e r e n c e  i n  po ten t ia l  with magnet ic  f ie lds  on a n d o f f )  
a t  a poin t  3 ( x , y ) ,  somewhere on the  f i lm.  J i s  t h e  
cur ren t  dens i ty  in  the  device .  Formula (3)  is v a l i d  f o r  
t he  case  tha t  t he  magne t i za t ion  d i s t r ibu t ion  i n  t h e  
s t r i p  is only inhomogeneous i n  the  y-d i rec t ion .  This  i s  
expressed by .the yo-dependence of @. G(yO,x,y,l,w) i s  a 
weight function which includes the short-circuit ing 
e f fec ts  of  the  cur ren t  contac ts .  I f  w e  concentrate  on 
the Hal l -vol tages  of  re levance in  the configurat ion of  
Fig. la we need only compute the G-function a t  x=O, 
y=%w (for completeness and because it simply follows 
from symmetry w e  w i l l  a l s o  g i v e  r e s u l t s  f o r  x=O, y=-%w). 
The G-function can only be computed using a numerical 
algorithm, but with t r ia l  and e r r o r  we have found 
closed analyt ical  expressions which form surpr i s ing ly  
good approximations: 
G(y,O,w/2,l,w)= 
-2Tarc tg(s inha /coshb)  
a rc tg   ( tgh   b )  w / l L  1/3 
( 4 )  
-2Try/w-T w / l  < 1/3 
-2Try/wm w / l <  1/3 
wi th  a=Tr (w/2 l+y / l ) ,  a ' = T r ( w / 2 1 - y / l ) a n d b = T r w / l .  
The e r r o r  made with this  formula i s  1% a t  t h e  most 
( f o r  w / l  e 1/31 and decreases  via  0 .3% for  w/l=1/2 
o r  1/4 t o  n e g l i g i b l e  small va lues  f a r the r  ou t s ide  the  
region with w / l  1 1/3. 
Since  vH(0,%w) a t  the  l e f t  t r ansduce rpa r t  (F ig .  la)  i s  
ju s t  t he  oppos i t e  o f  V h ( O , % w )  a t  t h e  r i g h t  P a r t  we 
s imply  f ind  tha t :  
VAC = 2VH(O,JlW) 
and v = 2vH(0,-4w) 
BD 
I f  we fur ther  concentrate  on t h e  f i r s t  o r d e r  ( l i n e a r )  
responsewe find, with sin@=My/M,: 
vAc== 2TM 7 M ( y   ) G ( y o , O , ~ ~ , l , ~ ) d y o  ( 8 )  
Y O  
-%w 
2ApJ  'r 
- 4 W  
and 'BD = 
In  o rde r  t o  compare these  resu l t s  wi th  magneto- 
res is t ive responses  we have choosen t h e  f i rs t  Order 
response fo ra  t r ansduce r  (homogeneously) b i a s e d  a t  
@ = ~ / 4  as a reference:  
M (yo)G(~o,O,-%w,l ,W)d~o (9 )  
Y 
+%W 
with ~ ~ ( y ~ )  t h a t  p a r t  of the magnetization that exceeds 
the  b i a s .  
After  some normalization  eq. 's  ( 8 ) ,  (9)  and  (10)  can  be 
rewr i t ten  to  read:  
VAc=c.w.- M (y   )G(yo,O,%,l , l )dyo 
1 +4 
2.T -4 Y 0 
(11) 
Note that expression (13) does not contain any 
dimensional factor. This is because the influence of 
the formfactor is negl ig ib le  for  the  case  of  p lanar  
magneto-resis t ivi ty  [SI. The f a c t o r  1 / 2 ~  i n  ( 1 1 )  and 
(12) is  a consequence of our definition of the G- 
funct ion.  
3. RESULTS FOR  UNSHIELDED  TRANSDUCERS 
For homogeneous f i e l d s  and for  t ransducers  with 
w / l  5 1/4 we simply  find: 
_ - _ = _  'AC 'BD I . y 
'PQ  'PQ fi 
For homogeneous magnetization and for transducers 
with w / l  > 1/4 we have: 
'A' - VBD - -,.!-- F (w/1)  
'PQ  'PQ fi 
with F ( w / l )  a geometr ica l  cor rec t ion  fac tor ,  d i rec t ly  
related to our G-function and well  known from 
l i t e r a t u r e  161. Generally F a l s o  depends on the Hall-  
angle but since this angle never exceeds a fewdegrees 
F reduces to the l imiting function for Hall-anglezero.  
Normally t h e   f i e l d s  areinhomogeneous and according t o  
Wallace [ 7 ] ,  decay exponentially with distance from 
the recording medium. Whether o r  no t  M (y 1 ,  i n  
formula's ( l l ) ,  (12)  and  (131,  decays  exponentially  as 
w e l l ,  depends on t h e  r a t i o  of i n t r i n s i c  t o  form 
an i so t ropy  o f  t he  s t r ip  (ma te r i a l ) .  Only when the  
in t r in s i c  an i so t ropy  f i e ld  Hk >> tMs/w we can express 
% ( y o )  a s  a simple exponential function as wel l ,  
otherwise  (yo)  can  only  be computed using  anumerical 
algorithm 2 [ 1. We have computed response   ra t ios   for  a 
number of w/l-ratios and f o r  H~ >> tMs/w, H~ = t M s / w  
en Hk << tMs/w. The r e su l t s  a r e  co l l ec t ed  in  F ig .  2 
giving graphs of t he  f ac to r  K ( w / l )  from: 
Y O  
where K depends on w / l ,  the decay-constant C Of the  
e x t e r n a l  f i e l d  H = Hoexp(-y/cw) and t h e  r a t i o  
H k / ( t M s / w ) .  For completeness we a l so  g ive  K '  from: 
4 .  RESULTS  FOR SHIELDED TRANSDUCERS 
Surpris ingly the t reatment  of  shielded t ransducers  can 
be  rather  simplebecauseusecan  be  madeof  an  expression 
f o r  M (yo)  tha t  is a good approximation of the rea; 
s i tuaxion.  Assuming H << M i n  the  ma te r i a l  and 
accept ing  the  t ransmission  l ine model of   calculat ing I 
the  f lux  through the  s t r ip  [ 8 ]  we have: 
s inh -(-- -1 w 1 yo 
M (yo) = Mo 
x 2  w 
Y s inh - W x 
(18) 
with x = Vlirtg/2 and vr = Ms/Hk. 
With expression  (18)   s l ipped  into  eq 's  ( l l ) ,  ( 1 2 )  and 
(13) the computation i s  strai-ghtforward and i f  we 
aga in  express  our  resu l t s  in  the  form  of  (16)  and (17)  
we have: 
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Fig. 2. Factors  K and K' 
from  (16)  and 
(17)   for   several  
values  of  the 
r a t i o  w / l  
wi th  L and L '  not only dependent on w / l  bu t  a l so  on 
h/w. which is a measure of  the penetrat ion depth of  
t h e  f l u x  i n t o  t h e  s t r i p .  I n  F i g .  3 w e  give an overview 
of some cha rac t e r i s t i c  r e su l t s .  S ince  w e  a f t e r  a l l  d i d  
no t  f ee l  a t  ease using eq.  (18) we have a l s o  performed 
"exact" computations using the numerical procedure 
described by Kelley [SI. !Cypical resuLts of these  
computations are also found in Fig.  3 (dotted curves) 
and w e  see that deviat ions are  present  indeed.  The 
approximated values of L appear to be somewhat too  
small, while the approximated values of L' are somewhat 
too large.  Nevertheless  the analyt ical  procedure is  a 
usefu l  too l  which gives  good approximations. 
5. DISCUSSION AND CONCLUSIONS 
We have given a computational procedure t o  e v a l u a t e  
the  po ten t i a l  merits of Ball-detection over M.R.- 
detect ion.  We have presented  our  resu l t  in  a  s tandard  
form giving the rat ios  of  Hal l -vol tages  t o  M.R.- 
voltages.  Apart  from t h e  f a c t o r  l/E, which i s  a b i t  
ambiguous and a consequence of t h e  method of biasing 
1.51 
1 
Fig. 3. Factors  L and 
L' from  (19) 
and ( 2 0 )  f o r  
severa l  va lues  
o f  t h e  r a t i o  
&/l. 
- a n a l y t i c a l  
values  
- - - - -____ 2 - - -  numerical 
va1u-s 
the M.R ou tpu t ,  t he  r a t io s  are the product of w / l  and 
a "f0rmfaCtOr"  (F,K,K',L,L'). For the upper contacts 
two f a c t o r s  are respons ib le  for  K o r  L being smaller 
then the maximum a t t a i n a b i e  vaLue ( I  f o r  K and 0.67 
f o r  L ) .  A t  f i r s t  t h e  f o r m f a c t o r  e f f e c t ,  s t a r t i n g  a t  
1 < 4w, breaks down the Hal l -effect  while  the magneto- 
res i s tance  i s  hard ly  a f fec ted  fS ] ,  a t  second t h e  
decaying  magnet iza t ion  in  the  s t r ip  from t h e  medium 
s i d e  upwards a f f e c t s  VAc more s e r i o u s l y  ( i n  a negat ive 
sense) then it does the magneto-resis t ivi ty .  So 
generally speaking these Hall-voltages cannot compete 
with the M.R.-voltages. However w e  do not exclude that 
the  inherent  advantages  of  the  Hall-detection 
( l i nea r i ty ,  l ayou t ,  no i se  immunity?) occasional ly  w i l l  
t u r n  t h e  scale. The reg ion  of  appl icahi l i ty  i s  l i k e l y  
t o  be 1 z w and/or sensing of f i e l d s  which do notdecay 
m o f a s t   i n  the width direct ion of  the t ransducer .  With 
respec t  to  the  lower  contac ts  the  t w o  factorsrront ioned 
above a r e  competing, but K' and L '  w i l l  have values 
greater  than 1 general ly ,  We have presented the K' and 
L '  values not only because they are "costless" spin-off 
of our computations but also i n  t h e  hope t h a t  t h e y  may 
i n s p i r e  t o  p o s s i b l e  new des ignsofmagnet ic  sensors  in  
general. We have r e s t r i c t e d  o u r  r e s u l t s  t o  t h e  r a t i o s  
mentioned, because practical values of magneto- 
r e s i s t i ve  vo l t ages  a re  a l r eady  ava i l ab le  and the Hall- 
voltages can simply be derived from them. For the case 
of unshielded magneto-resist ive transducers we can 
r e fe r  t o  the  r ev iew of Collins and Jones [I01 and for 
the case of  shielded t ransducers  there  are  a number o f  
r e fe rences  tha t  can he made rl1-131. 
/ 
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